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Abstract 
The present day study is focused on two fin configurations, the wavy-fin in-line and the wavy-
fin staggered. These fin configurations are numerically investigated in both staggered and in- 
coated tube layouts. Heat transfer and strain drop characteristics of the warmth exchanger 
are investigated for Reynolds numbers starting from two hundred to 2000. Model validation 
is carried out with the aid of evaluating the simulated case friction aspect (f) and Colburn 
thing (j) with the experimental facts of Bhuiyan et al. (2013). In this, have a look at the 
impact of geometrical parameters which includes fin pitch, longitudinal pitch and transverse 
pitch of tube spacing are studied. Results are supplied in the form of friction issue (f) and 
Colburn thing (j). This observe well-known shows that the waft distinction between plain and 
wavy fin has a profound have an impact on the warmth switch and go with the flow friction 
performance of these configurations when compared on the premise of tube layouts. 
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INTRODUCTION 
A warmth exchanger is a device by way of 
which thermal strength or enthalpy is 
transferred between two or extra fluids 
having extraordinary temperatures and 
which are also in thermal contact with 
every different. The enthalpy can transfer 
among or greater fluids, among fluid and 
stable particulates and among fluid and a 
solid floor that are in thermal touch with 
each different. Usually in warmness 
exchangers, there is no paintings interplay. 
The heat exchangers also are adiabatically 
insulated, so no warmness switch takes 
vicinity. The cooling and heating of a 
fluid, condensation of an unmarried or 
multi- compound fluid, evaporation of a 
unmarried or multi- compound fluid are 
the principle packages of the warmth 
exchanger. It has also been shown that the 
performance of warmth exchangers may 
be greatly expanded with using 
unconventionally shaped float passages 
with the aid of Webb [4] and Wang et al. 
[5]. A few examples of such enhanced 
surfaced compact cores include simple, 
perforated offset strip, louvered, wavy, 
vortex generator and pin of those, as 
shown in Fig. 1, the wavy fins are 
especially attractive for their simplicity of 
manufacture, potential for more suitable 
thermal- hydraulic performance, and ease 
of utilization in plate fin-and-flat tube heat 
exchangers [1]. The wavy surface can 
lengthen the course of airflow and reason 
better airflow mixing. Because the wavy 
surfaces increase the flow path, it 
additionally will increase the above noted 
floor place, thereby helping in better heat 
switch. The better waft blending may be 
attributed to the corrugations present in the 
waft channel. These above noted 
warmness exchangers are normally 
operated with a hot liquid inside the tubes 
and air on the outdoor. The heat from the 
fluid is transferred to the fin via 
conductive warmth switch. The fins then 
dissipate the warmth onto the surroundings 
with the aid of convective warmth 
transfer. The dominant warmth 
resistance of almost 80%−90% for an 
air-cooled warmness exchanger is 
external, that's at the air facet as noted 
by Wang et al. [6, 7]. 
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Figure 1: Exceptional fin and tube arrangement in undeniable and wavy finned wavy finned-
tube warmth exchanger. 
 
Plain Finned-Tube H.E 
Plate fin-and-tube heat exchangers of plain 
fin sample are normally used in the 
technique and HVAC&R (Heating, 
Ventilating, aircon, and refrigeration) 
industries. The obvious plate fin 
configuration is the most popular fin 
pattern, because of its simplicity, 
sturdiness and versatility in application. 
the obvious fin-and-tube heat exchangers 
commonly include mechanically or 
hydraulically expanded spherical tubes in a 
block of parallel continuous fins and, 
relying on the application, the warmth 
exchangers may be produced with one or 
greater rows. 
 
Wavy Finned-Tube H.E 
When the fins have periodic corrugations 
of their geometry within the shape of a 
wave, then it's far referred to as a wavy 
fin. The wavy sample may be smooth or of 
a herringbone sample. These periodic 
corrugations having a definite angle of 
corrugation that enables in better blending 
of drift, thereby presenting higher warmth 
transfer. Those corrugations in a wavy fin 
help in growing the go with the flow 
length in a constrained space than that of 
the plain fin. This kind of geometry is 
being extensively studied and used in 
recent times due to its appealing heat 
transfer overall performance as proven in 
their research conducted by means of 
Nishimura et al. [8] and Wang et al. [9]. 
The essential parameters inside the take a 
look at of wavy fin are the wavy angle and 
the wavy top, fin pitch, fin length, fin 
thickness, longitudinal pitch, transverse 
pitch, waviness amplitude, colburn aspect, 
friction factor, and strain drop to be able to 
be explored in element in this study. The 
primary thoughts behind having different 
varieties of fins or extended surfaces are 
distinctive. The maximum commonplace 
one is to induce boundary layer separation 
in the channels, as a way to provide better 
mixing, as is the case in wavy channels, 
and thereby increasing the heat switch fee. 
Fig. 2 indicates a 3 dimensional picture of 
a wavy fin warmth exchange [10, 11].
 
 
Figure 2: Wavy fin H.E with tubes in inline arrangement. 
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Figure 3: Wavy plate fin-and-tube H.E with staggered tube format. 
 
 
Figure 4: Wavy plate fin-and-tube H.E with in-lined tube layout. 
 
GOVERNING EQUATIONS 
In this phase, the laws governing the 
trouble are explained in detail. The 
governing equations are subjected to the 
boundary situations of the trouble to 
formulate an answer. Those expressions 
might then be discretized using the finite 
extent technique to estimate the solution 
[12]. The present trouble concerned 
thermal delivery with convective warmth 
switch. Working fluid used is air with 
Prandtl wide variety set to zero.736. 
Assumptions approximately the fluid and 
the evaluation are as follows: 
 The fluid is Newtonian, incompressible 
with consistent bodily residences. 
 The waft is believed to be 3-
dimensional and constant state. 
 Viscous dissipation and viscous 
paintings are left out. 
 No body forces. 
 
Primarily based on above assumptions, the 
problem is described by means of the laws 
of mass, momentum and strength that are 
stated within the following sections. The 
offered have a look at stretches from the 
laminar variety glide (4000 ≤ Re ≤ 1200) 
to the transitional range waft (1300 ≤ Re ≤ 
2000). Equations that govern the problem 
are that of a laminar version for the go 
with the flow inside the laminar range. 
While for the solution of the float inside 
the transitional range turbulence models 
are used, and the equations that govern the 
trouble in the transitional range are that of 
the turbulence fashions [13-14]. 
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LAMINAR VERSION 
The flow in the laminar variety (4000 ≤ Re 
≤ 1200) turned into described by means of 
the conservation laws for mass 
(continuity), momentum (Navier-Stokes), 
and by means of the strength equation. The 
fundamental equations describing the 
three-dimensional float are as follows:-
 
The Continuity Equation 
  
The Momentum Equation: 
x-Component 
 
y-Component 
 
z-Component 
 
The Energy Equation 
 
 
THE CFD MODEL 
Geometry considered for the present 
investigation is plain fin in-lined and 
staggered configuration shown in the Fig. 
5. The z-direction is perpendicular to the 
paper. Assuming symmetry condition on 
the mid plane between the two fins, the 
bottom and the top boundaries simulate the 
fin and the mid-plane respectively. Fig. 6 
shows the nomenclature used for 
longitudinal tube pitch (Ll), transverse 
tube pitch (Lt), fin pitch (Fp), fin thickness 
(Ft), and tube diameter (D). 
 
The detailed geometry (A.A Bhuiyan et al 
2013) of the numerically examined heat 
exchanger was defined by the following 
dimensions: 
Tube diameter (D) 9.525 mm  
Longitudinal tube pitch (Ll) 19.05 mm 
Transverse tube pitch (Lt) 25.4 mm  
Fin Pitch (Fp) 3.53 mm 
The number of tube row (N) 4
 
 
Figure 5: Inline wavy-fin configuration. 
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Figure 6: Staggered wavy-fin configuration. 
 
Boundary Conditions 
The boundary conditions used are as 
follows: 
 Between the 2 fins, symmetry 
situations are considered. 
 On the inlet uniform waft with 
consistent velocity u in and regular 
temperature Tin = 25°C are assumed. 
 At the outlet, flow sensible gradient 
(Neumann boundary situations) for all 
of the variables are set to 0. 
 No-slip boundary circumstance is used 
at the fins and the tube surfaces. Those 
surfaces are assumed to be strong wall 
without a slip boundary condition and 
steady wall temperature Twall = 
100°C. 
 The fins and tubes are assumed to be 
fabricated from aluminum. 
The average Nusselt quantity Nu, 
described as:  
Nu = hH/k 
The friction thing f and the Colburn 
component j are described as:  
f= (Pin-P)H/1/2 x ρ x u2 x 4L 
j = Nu/ReH x Pr
1/3
 
 
RESULTS AND DISCUSSION 
The accuracy of gift simulation take a look 
at was demonstrated via evaluating the 
outcomes for wavy-fin inline and 
staggered configuration with the posted 
experimental results by Bhuyian et al. 
(2013). The validation of the of the 
numerical simulation supplied on this 
work became executed by means of 
evaluating the posted values for the 
Colburn aspect (j) and the friction element 
(f) by means of Bhuyian et al. (2013), with 
the numerical effects for laminar drift 
variety. Identical geometrical parameters 
are used in the modern-day numerical 
simulation observe for the validation of the 
evaluation here: Ll = 22 mm, Lt = 25.4 
mm, Fp = 03.00 mm, ft = 0.13 mm and D 
= 95 mm. 
 
 
Figure 7: Temperature contour at Re = 400 for wavy-fin inline configuration. 
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Effect of Longitudinal Tube Pitch 
The outcomes of the change in 
longitudinal pitch (Ll) on the heat switch 
and the stress drop characteristics for the 
four tube row domain of the wavy-fin in-
line and wavy-fin staggered configuration 
became studied through running test cases 
for every of those fin preparations. In 
each case, the longitudinal tube pitch 
(Ll) is changed preserving all other 
geometrical parameters regular so that 
the outcomes of the longitudinal pitch 
over the heat exchanger performance 
can be evaluated. 
 
 
Figure 8: Temperature contour at Re = 800 for wavy-fin inline configuration. 
 
Effect of Longitudinal Tube Pitch 
The results of the exchange in longitudinal 
pitch (Ll) on the warmth switch and the 
strain drop characteristics for the 4 tube 
row area of the wavy-fin in-line and wavy-
fin staggered configuration turned into 
studied by using walking test instances for 
each of those fin preparations. In each 
case, the longitudinal tube pitch (Ll) is 
modified preserving all different 
geometrical parameters steady in order that 
the effects of the longitudinal pitch over 
the heat exchanger overall performance 
can be evaluated. 
 
 
Figure 9: Impact of various transverse tube pitch on air outlet temperature variation for 
wavy fin In-line configuration. 
 
Effects of Transverse Tube Pitch 
After investigating the effects of the 
longitudinal pitch on the heat exchanger 
performance next step in this study was to 
explore the effects of the transverse pitch. 
The effects of the change in transverse 
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pitch (Lt) on the heat transfer and the 
pressure drop characteristics for the four 
tube row domain of the wavy-fin in-line 
configuration was studied by running three 
test cases for each of these fin 
arrangements
 
 
Figure 10: Impact of varying transverse tube pitch on air outlet temperature variation for 
Wavy fin In-line configuration. 
 
Effect of Fin Pitch 
The outcomes of the alternate in fin 
pitch (Fp) on the warmth transfer and 
the strain drop characteristics for the 
four tube row domain of the wavy-fin 
in- line configuration became studied 
with the aid of running 3 take a look at 
instances for every of those fin 
arrangements. In every case the fin pitch 
(Fp) is changed keeping all other 
geometrical parameters consistent in 
order that the effects of the longitudinal 
pitch over the heat exchanger overall 
performance can be analyzed. 
 
 
Figure 11: Effect of various fin pitch on air outlet temperature variation for Wavy fin In-line 
configuration. 
 
CONCLUSIONS 
Based totally on the numerical effects 
acquired on this research, the following 
conclusions are made. 
 The go with the flow distinction 
between the obvious fin and the wavy 
fin become determined to have a 
substantial effect on the heat transfer 
and the go with the flow friction 
characteristics of those two fin 
configurations. 
 The flow shape for the apparent-fin 
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configuration is marked by means of 
the waft recirculation zones 
determined in the trailing edge of the 
tubes because the flow passes over the 
tubes. Then again, for the wavy-fin 
configurations no such glide 
recirculation zones had been acquired, 
considering that go with the flow is 
guided by using the wavy corrugations 
and it is again and again re- orientated 
because of the wavy shape of the fin. 
 The wavy-fin staggered and in-coated 
configurations had been discovered to 
be much less depending on the tube 
layout for their thermal and hydraulic 
characteristics, due to the fact a better 
float blending is finished because the 
float passes over the wavy 
corrugations. Therefore wavy-fin was 
additionally found to show a far larger 
warmth transfer overall performance as 
indicated by way of the higher Colburn 
aspect (j). 
 But, the pressure penalty is likewise 
excessive in comparison with 
undeniable-fin counterpart as indicated 
by way of the better friction element 
(f). 
 The friction component (f) decreases 
with the decrease inside the fin pitch. 
This commentary once more may be 
explained on the basis of the float 
streamlining and the waft 
simplification as a result of the 
reduction of fin pitch. This drift 
simplification reduces. 
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